the egl-30 gene encodes a highly conserved homolog of G q ␣ (82% identical to vertebrate forms) that is essential for life (Brundage et al., 1996) cycle, but we hypothesize that it is involved in regulating this machinery.
the egl-8 loss-of-function mutants (Table 1) . Taken together with the previous finding that loss of EGL-30 function results in lethality (Brundage et al., 1996) , this suggests that EGL-30 has one or more additional funcResults tions that are not shared with EGL-8. is consistent with our finding that EGL-30 and EGL-8 appear to act in the same pathway. for EGL-30 (G q ␣) signaling, we screened for aldicarb resistant mutants with phenotypes similar to egl-30 mu- Figure 2 shows a schematic comparison of EGL-8 and PLC␤4. The major domains of PLC␤, all of which are tants. In so doing, we identified alleles of egl-30, egl-8, egl-10, ric-8, and four genes that had not been preconserved in EGL-8, include an N-terminal pleckstrin homology (PH) domain that mediates activation by G ␤ ␥ viously identified. Here, we provide a genetic and molecular characterization of egl-8, which has been previously for some PLC␤s, and X and Y catalytic domains, wherein resides the phospholipase activity (Singer et al., 1997) . identified in genetic screens for defective egg laying (Trent et al., 1983 ) and defecation (Thomas, 1990 ). The
Reduction-of-Function Mutations in egl-30 (G q
The most highly conserved regions are the X and Y domains (68% and 75% identical, respectively), which similar appearance of egl-30 and egl-8 mutants is shown in Figure 1 .
are also identical in size between the two proteins. All other regions of EGL-8 are larger than PLC␤4, although Through a series of aldicarb selections and subsequent noncomplementation screens, we identified 18 the ends of the two proteins can be precisely aligned. Through sequence analysis of multiple cDNAs, we egl-8 alleles. As an initial assessment of the amount of egl-8 function remaining in these alleles, we measured identified four exons that are alternatively spliced (Figure follows: 8 of 9 cDNAs contained exon 4, and 9 of 11 cDNAs contained elegans predicted gene numbers: T01E8.3, F31B12.1, Y75B12B.g, exon 10. Both cDNAs that were missing exon 10 were also missing R05G6.8, and K10F12.3). Four of these genes appear to be homologs exon 9, which was present in only 4 out of 11 cDNAs. Exon 16 was of phospholipases that are not part of the PLC␤ family. The fifth present in 1 of 5 cDNAs. The positions and descriptions of five gene (Y75B12B.g) appears distantly related to vertebrate PLC␤2, egl-8 mutations are indicated. The premature stop codon in md1971 but it is considerably less related to PLC␤2 than EGL-8.
results from a C to T change of nucleotide 3138 of the cDNA sequence (GenBank AF179426 unable to obtain cDNAs that spanned all four regions where we identified alternative splicing. However, the are defective in egg laying, we expected to see staining major splice variants contained exon 4 (8 of 9 cDNAs) in the hermaphrodite-specific neurons (which control and exon 10 (9 of 11 cDNAs), while exons 9 and 16 egg laying) and/or the vulval muscles. However, promiseemed to be more rarely included (Figure 3 ). Since nent nonspecific staining around the vulva and weak most of the sequences included in these exons cannot EGL-8 staining in that region of the ventral cord prebe aligned with PLC␤4, the alternatively spliced sevented us from determining if EGL-8 is present at those quences are not likely to be critical for PLC activity; they locations. In the head ganglia, one pair of amphid neumay, however, be important for regulating EGL-8 in a rons showed especially strong staining. 
EGL-8 Protein Is Localized to the Nervous System
MH27 staining also extended part of the way around and Intestinal Cells each of the loops of EGL-8 staining, which may repreWe produced a polyclonal antibody against the C-termisent sites where the ends of the intestinal cells join nal region of EGL-8 and used it to visualize EGL-8 protein together (White, 1988) . We conclude that, within intestiin wild-type and mutant strains. In wild-type worms, we nal cells, the majority of EGL-8 staining is restricted to observed EGL-8 staining primarily in the nervous system regions near adherens junctions. and the intestine ( Figure 4A ). The absence of this staining in egl-8 (md1971) ( Figure 4D) Figure 4A ). Since egl-8 mutants . The molecular lesion of dgk-1 (md1777) has not been determined, but comparison Strains Worms were cultured using standard methods (Brenner, 1974) . Wildto dgk-1 (sy428) suggests that it strongly reduces dgk-1 function. Double mutants were constructed using standard genetic methtype worms were C. elegans variety Bristol, strain N2. Variety Bergerac, strain EM1002, was used for STS mapping. TR638 and RM25, ods, without additional marker mutations. Homozygosity of alleles in each double mutant was confirmed by sequencing amplified gederived from TR403, were used as starting strains for isolating spontaneous aldicarb resistant mutants. The following C. elegans mutant nomic DNA of strains containing egl-30 (ad805), egl-30 (md186), or egl-8 (md1971), and by PCR for strains containing goa-1 (n363). strains were used in this work: RM2224 dgk-1 (sy428) X, RM1790 dgk-1 (md1777) X, KP828 dgk-1 (nu199) X, MT1083 egl-8 ( Cloning and Analysis of egl-8 Genomic and cDNA Sequences and EGL-8 fusion protein was purified under denaturing conditions using nickel resin. Genomic sequence corresponding to egl-8 was identified using a transposon display method developed by Henri van Luenen and Rabbits were injected with 500 g of fusion protein and boosted four times. To affinity purify EGL-8 antibodies, 1.0 mg of EGL-8 Ronald Plasterk. In brief, the egl-8 (md1933) mutant was obtained from the Tc1 mutator strain TR638 as described above. A wildfusion protein was run out on a 9% SDS-PAGE gel and blotted to nitrocellulose. The blot was stained with Ponceau S, and the EGL-8 type revertant of the mutant was subsequently isolated (md1933 md1934R), and Tc1 copy number of the mutant and revertant was fusion protein band was excised and washed for 30 min in blocker (10 mM tris [pH 8.0], 0.05% Tween 20, 150 mM NaCl, 3% nonfat reduced by backcrossing. Genomic DNA prepared from these strains and a wild-type control was digested with the 4-cutter Sau dry milk, and 0.05% sodium azide) with rocking. The blocker solution was then removed, and 4.5 ml of serum was incubated with the 3A followed by heat inactivation. A vectorette oligo cassette (consisting of 55 nucleotide complementary oligos that form a Sau 3A EGL-8 protein on the nitrocellulose strips for 1 hr. The serum was removed, and the strips were rinsed with TBST (10 mM tris [pH 8.0], overhang upon annealing) was ligated to the digested genomic DNA. Primers complementary to Tc1 and the vectorette cassette were 0.05% Tween 20, and 150 mM NaCl), followed by 3 ϫ 5 min washes in TBST. Antibodies were eluted from the strips using glycine elution then used to amplify genomic sequences flanking all of the Tc1s in the genome. After 20 cycles, the PCR reaction was diluted 100-fold, buffer (5 mM glycine, 0.01% BSA, 0.05% Tween 20, and 500 mM NaCl [pH 2.3]) followed by 50 mM triethylamine (pH 11.5). Secondary and a second PCR reaction was performed using nested primers. The nested Tc1 primer was end-labeled with 33 P ␥ATP before incluantibodies were adsorbed against 4% formaldehyde-fixed worms to remove antibodies to nematode proteins. sion in the reaction. After 20 cycles, a portion of the reaction was run out on a 6% sequencing gel. The gel was dried and exposed to Whole mounts of C. elegans for antibody staining were prepared as previously described, using the methanol/acetone fixation proto-X-ray film, producing a pattern of bands made up of Tc1-containing genomic Sau 3A fragments. The Tc1 pattern was compared between col (Duerr et al., 1999). Affinity-purified anti-EGL-8 antibodies (KM3B-5.1) were used at a 1/500 dilution. In double staining experiwild-type, mutant, and revertant strains, and a single band was identified that was present in the md1933 mutant but was missing ments, the mouse monoclonal antibodies MH27 (1/1000 dilution) or anti-CHA-1 (undiluted supernatant) were included. Secondary in wild-type and the revertant. The dried gel was aligned with the autoradiogram, and the band was excised, eluted in water, and antibodies were donkey anti-rabbit antibodies (Jackson ImmunoResearch) coupled to Alexa 488 dye (Molecular Probes). In double amplified for 30 cycles using the same primers as for the second PCR of the transposon display. The amplification product was sestaining experiments, donkey anti-mouse antibodies coupled to Cy3 were also added. Slides were viewed and images were collected quenced, labeled, and used to screen a C. elegans mixed-stage oligo dT-primed cDNA library, which resulted in the isolation of using a Leica TCS NT Confocal Microscope and accompanying software. cDNAs derived from the 3Ј two thirds of the egl-8 transcript. Genomic sequence was analyzed with Genefinder to predict the 5Ј most exon of the gene, and primers designed from this exon were used Aldicarb Sensitivity Assays Aldicarb sensitivity was quantified by placing a fixed number of L1 to amplify a 100 bp fragment from genomic DNA, which was used to probe a C. elegans mixed-stage random-primed cDNA library. A stage larva on culture plates containing 0, 10, 25, 50, 100, 200, 400, 800, or 1600 M aldicarb and allowing them to grow at 20ЊC for 96 5002 nucleotide chimeric sequence was assembled from all of the unique sequence in the 5Ј and 3Ј cDNA clones. In several cDNA hr. Growth was then stopped by putting the plates at 4ЊC. The number of progeny (eggs and larva) produced during this period clones, this sequence was preceded by a portion of the transspliced leader SL1, which is found on the 5Ј end of some C. elegans were counted on a gridded background, and a percentage of the number of progeny produced on the no drug control plate was transcripts (Krause and Hirsh, 1987). Clones used for the chimeric sequence were sequenced on both strands. The chimeric sequence calculated for each concentration. The number of L1 larva plated for the assay was chosen so that at least 300 progeny were produced was used to search the database of C. elegans genomic sequence, and intron/exon boundaries were determined. The predicted peptide on the no drug control plate. For strains with wild-type fertility and growth rate, 3 L1s were placed on each plate in the series; for strains sequence was used to search GenBank databases using BLAST with decreased fertility or growth rate, correspondingly more L1s 2.0 with default search parameters (Altschul et al., 1997). Related were placed on each plate. sequences were compared to each other using the Genetics ComPlates used in the assay were prepared fresh for each set of puter Group programs Bestfit and Pileup with default parameters. assays. Aldicarb was added after autoclaving, when media had cooled to 60ЊC. Additions were made from a 105 mM stock of aldiMolecular Analysis of Mutations carb prepared fresh in 70% ethanol. The volume of drug ϩ 70% In cases where genomic regions were amplified from egl-8 mutants, ethanol carrier was kept constant for each concentration. Twentypopulations of mutant animals were processed for PCR using the four hours after the plates had been poured, 15 l of OP-50 bacterial method of Williams et al. (1992) . culture was spread on each plate, leaving a clear border around the Identification of the transposon insertion in md1933 is described edge of the plate to minimize wandering onto the sides of the plate. above. PCR amplification of the relevant genomic region was used Plates were incubated for 2 more days at room temperature, placed to confirm that the transposon was present in md1933 mutant strains at 4ЊC for 1 day, and then immediately used for the assay. To allow but absent in N2, TR638 (from which md1933 was derived), and the comparison between different sets of assays, plates were always revertant strain. prepared as described above, duplicate assays were performed, The md153 deletion was identified by probing a Southern blot and an N2 control was included with each set of strains. Over a series of genomic DNA from md153 and control strains. The appropriate of eight independent assays, N2 values (expressed as percentage genomic region of md153 was amplified and sequenced along with of the no drug control) ranged from 91% to 104% for 25 M, 73% the corresponding region from the parental strain RM25.
, 1995). UNC-13, there-1990). EGL-8's intestinal localization could be related to its fore, could be a crucial link between the EGL-30 (G q
to 86% for 50 M, 16% to 46% for 100 M, and 0% to 6% for Genomic DNA containing all egl-8 exons and intron/exon bound-200 M. aries was amplified using PCR in md2243, n488, and md1971. The To test the aldicarb sensitivity of phorbol ester-treated wild-type insertion in md2243 and the deletion in n488 were localized using worms, phorbol myristate acetate (Research Products; 5 mg/ml PCR, and the PCR products spanning the lesions were sequenced. stock dissolved in 100% ethanol) was added to the 60ЊC cooled All exons and intron/exon boundaries were sequenced for the media to a final concentration of 300 nM before addition of aldicarb. md1971 mutant.
The assay then proceeded as described above except that six instead of three wild-type L1s were plated, since the phorbol myristate EGL-8 Antibodies and Immunostaining acetate reduced the growth rate of wild-type by about half. Pfu polymerase (Stratagene) was used to amplify codons 1041-1382 from an egl-8 cDNA clone. BamHI and XhoI sites were incorporated Locomotion Assays into the primers to facilitate directional in-frame cloning into the 
